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ABSTRACT

Precocious puberty is commonly defined as puberty that starts before age 8 years in girls and 9 years in boys. The
causes of it may range from a variant of normal development to various pathologic conditions. The etiology of
precocious puberty is classified by the underlying pathogenesis into gonadotropin dependent central precocious

puberty and peripheral precocious puberty which is independent of gonadotropin but due to different other causes.

Variants of precocious puberty include premature thelarche, premature puberche and isolated premature menarche
which imply onset of isolated changes without any other signs of sexual development. Precocious puberty might
have an impact on final stature owing to premature epiphyseal fusion and also it has got influence on psychosocial
wellbeing. Evaluation includes a detailed history, physical examination, biochemical testing and imaging directed
towards suspected etiology. Gonadotropin releasing hormone (GnRH) analogues are effective for treatment of
central precocious puberty. Treatment of peripheral precocious puberty should be based on the specific cause.

Pubertal variants are usually non-progressive and need no treatment but should be monitored carefully.
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INTRODUCTION

Puberty is the process of maturation that occurs during
adolescence and includes acquisition of secondary
sexual characteristics, rapid bone maturation, and
acceleration of growth.! The term puberty is
characteristically used to refer to the physical and
endocrine changes of this period, while adolescence
usually refers to the profound psychologic changes
encountered during this time.2 Precocious puberty is
commonly defined as puberty that starts before age 8
years in girls and 9 years in boys>. The overall incidence
of sexual precocity is estimated to be 1:5000 to 1:10,000
with a female to male ratio of 10:1.# Observational data
from the US show that at age 7 years, 10% of white girls
and 23% of black girls have entered puberty. In Europe,
approximately 5% of girls are thought to have begun
breast development before age 8.5 years.! Registry
based Danish study using ICD-10 diagnosed estimated
prevalence of precocious puberty 0.2% for girls and
<0.05% of boys.> The age of puberty is influenced by
several factors like genetics, overall health, social
environment and environmental exposures.® Normal
puberty refers to the time in which 95% children attain
initial pubertal signs. In the 1960s, cross-sectional data
led to designation of the normal age range of pubertal
onset between ages 8 and 13 years for girls and between
ages 9 and 14 years in boys.”-8 Many cases of precocious
puberty in girls over 6 years have benign causes, but it
can indicate serious pathology in some cases.
Precocious puberty in boys represents a substantial
risk of underlying pathology and requires urgent referral
to a pediatric endocrinologist'. This review article
intended to discuss diagnostic evaluation and treatment
plan for boys and girls with precocious puberty.

PHYSIOLOGY OF NORMAL PUBERTY

Puberty is considered as one stage in the continuing
process of growth and development that begins during
gestation and con-tinues until the end of reproductive
life.® The hypothalamo pituitary gonadal axis (HPG) axis
develops and differentiates during fetal life with peak
gonadotropin levels achieved at 24 weeks of gestation
following which there is a steady decline till birth. After
birth, the HPG axis escapes the suppressive effects of
maternal and placental hormones that results in pulsatile
secretion of gonadotropin releasing hormone (GnRH)
which leads to increasing levels of gonadotropins and

sex steroids. At around 3-6 months in boys and 12-18
months in girls the high sensitivity of hypothalamus
leads to negative feedback by the low circulating levels
of gonadal steroids. Along with central inhibitory
mechanisms, this suppresses the gonadotropins to
prepubertal levels by 6-9 months in boys and 24-36
months in girls.>%% After an interval of child-hood
quiescence—the juvenile pause—the hypothalamic
pulse generator increases activity in the peripubertal
period, just before the physical changes of puberty
commence. This leads to increased secretion of pituitary
gonadotropins and, subsequently, gonadal sex steroids
that bring about secondary sexual development, the
pubertal growth spurt, and fertility. This is known as
gonadarche®”. Adrenarche is the increase in production
of androgens by the adrenal cortex®. While puberty
encompasses changes due to both gonadarche and
adrenarche, the term “puberty” is often used to refer
specifically to gonadarche.?

CLINICAL ASPECTS OF NORMAL PUBERTY
During puberty, sexual development occurs as a
sequential changes and it varies from person to person.
The chart-1 shows a typical sequence and normal range
of development for the milestones of sexual
development for girls and boys.'? The stages of pubertal
change has been described by Marshall and Tanner
which is denoted as Sexual Maturation stages (SMR)
or, often called Tanner stages. It consists of a series of
events that usually proceed in a predictable manner
with some variations in timing of onset, sequence, and
tempo. SMR (Tanner stages) for pubic hair, breast, and
male genitalia consists of five categories, with stage 1
representing pre-puberty and stage 5 representing adult
development (Table-1).!12 In most of the girls, the
earliest secondary sexual characteristic is breast/areolar
development (thelarche), although about 15 percent have
pubic hair as the initial manifestation. Menarche occurs,
on average, 2.6 years after the onset of puberty and 0.5
years after peak height velocity. In boys, the earliest
stage of maturation is almost always an increase in
testicular volume, followed by penile growth and the
appearance of pubic hair. The appearance of sperm in
the urine and the onset of nocturnal sperm emissions
occur shortly after the attainment of peak height
velocity; many consider these events the male
equivalent of menarche.?
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Table | Sexual maturity staging (Tanner stages) of secondary sexual characteristics

Boys-Development of external genitalia

Stage-1 Pre-pubertal

Stage-2 Enlargement of testes and scrotum; scrotal skin reddens and changes in texture
Stage-3 Enlargement of penis (length at first); further growth of testes
Stage-4 Increased size of penis with growth in breadth and development of glans; testes and scrotum larger, scrotal

skin darker

Stage-5 Adult genitalia
Girls-Breast development
Stage-1 Pre-pubertal

Stage-2 Breast bud stage with elevation of breast and papilla; areolar enlargement
Stage-3 Further enlargement of breast and areola; no separation of their contour
Stage-4 Areola and papilla for a secondary mound above the level of breast
Stage-5 Mature stage; projection of papilla only, related to recession of areola

Boys and girls-pubic hair
Stage-1 Pre-pubertal

Stage-2 Sparse growth of long, slightly pigmented hair, straight or curled, at the base of penis or along labia
Stage-3 Darker, coarser and more curled hair, spreading sparsely over junction of pubes
Stage-4 Hair adult in type but covering small area than in adult; no spread to medial surface of thighs
Stage-5 Adult in type and quantity, with horizontal upper border
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CLASSIFICATION AND ETIOLOGY OF
PRECOCIOUS PUBERTY

The etiology of precocious puberty is classified by the
underlying pathogenesis into three categories
(algorithm-1). Central precocious puberty (CPP) or true
precocious puberty is caused by an early activation of
the HPG axis. Although CPP is idiopathic in up to 90
percent of girls and 60 percent of boys, some cases are
caused by lesions of the CNS including optic glioma
associated with neurofibromatosis type 1, hypothalamic
hamartomas, astrocytomas, ependymomas,
pinealomashydrocephalus, cysts, trauma, CNS
inflammatory disease, and congenital midline defects,
such as optic nerve hypoplasia. Children who have been
exposed to high serum levels of sex steroid (eg, those
with McCune-Albright syndrome and poorly controlled
congenital adrenal hyperplasia) may sometimes develop
superimposed CPP. True precocious puberty due to gain
of function mutations in KISS1R/GRP54 gene in KISS1/
gene is also observed.? Finally pituitary gonadotropin-
secreting tumors which are extremely rare in children
and are associated with elevated levels of LH and/or
FSH.!3:14 Peripheral precocious puberty (PPP) is caused
by secretion of sex hormones either from the gonads or

Algorythm 1 Classicication of precocious puberty

adrenal glands, ectopic human chorionic gonadotropin
(hCG) production by a germ-cell tumor, or by exogenous
sources of sex steroids and is independent from the
HPG axis. A functioning follicular cyst of the ovaries is
the most common cause of peripheral precocity in girls.!3
Other causes include estrogen secreting ovarian or
adrenal tumor. In boys the causes include leydig cell
tumor, hcg secreting germ tumor, virilizing adrenal
neoplasm, familial testotoxicosis.'® In both boys and
girls, McCune-Albright syndrome, hypothyroidism,
iatrogenic or exogenous sexual precocity (including
inadvertent exposure to estrogens in food, drugs, or
cosmetics) are responsible for sexual precocity.>!” PPP
can be contra-sexual whereupon feminization in boys
due to adrenal neoplasm, late-onset adrenal hyperplasia
and virilization in girls due to congenital adrenal
hyperplasia, virilizing adrenal, or ovarian neoplasm

occur.2

Benign pubertal variants include isolated breast
development (premature thelarche), isolated pubic hair
development (premature pubarche/adrenarche), benign
pre pubertal vaginal bleeding, and non-progressive
precocious puberty. These patterns are usually a variant
of normal puberty and require no intervention.’

F Precocious development of secondary sexual characteristics ﬂ

Central precocious puberty

Etiology: CNS tumor,
malformation, idiopathic

Mechanism: Activation of
hypothalamic-pituitary-gonad-
al axis with GnRH secretion
leading to increased LH and
FSH secretion.

Peripheral precocious puberty

Etiology: Adrenal, ovarian,
testicular tumors, autonomous
gonadal activation (such as
McCune Albright syndrome,
familial male limited precocious
puberty), congenital adrenal
hyperplasia, exposure to
exogenous sex steroids.

Mechanism: Excess sex steroid
production (1 estradiol or
testosterone) with suppression of
hypothalamic-pituitary axis (|

LH and FSH).

\_ J

Benign or non-progressive
pubertal variants

Etiology: Non-progressive or
intermittently progressive
precocious puberty, premature
thelarche, premature adren-
arche, isolated premature
menarche

Mechanism: unknown but not
associated with full activation
of the hypothalamic-pitu-
itary-gonadal axis.
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CAUSES OF PRECOCIOUS PUBERTY AND
BANGLADESH PERSPECTIVE

In an observational study in Bangladesh including 71
patients presented with precocious puberty during the
period from 2005 to 2015, it was found that precocious
puberty was more common among girls as compared to
boys. Mean age at presentation of girls and boys were
4.8+2.1 years and 6.63+1.4 years respectively. Among
girls who presented with precocious puberty, 43.1% had
CPP and of them 86.3% were idiopathic in origin. 9.8%
of girls had PPP and the causes were congenital adrenal
hyperplasia (CAH) 60% & 40% had adrenal adenoma.

On the other hand boys mostly suffered from PPP and
CAH was the commonest cause. Other causes were
adrenal adenoma (18.1%) and hepatoblastoma (9%).
Among boys, 35% had CPP and the causes were
hypothalamic hamartoma (42.8%), craniopharyngioma
(14.2%) and 42.8% boys had idiopathic CPP. Among
cases of puberty variants, 83.3% had premature
thelarche, 4.1% had premature menarche & 12.5% had
premature adrenarche. '

DIAGNOSIS OF PRECOCIOUS PUBERTY

Diagnostic approach of precocious puberty starts with
demonstration of progressive signs of secondary sexual
characteristics in boys and girls who are younger than
the age of normal pubertal development in respect to
their age and sex. The next concern is to classify the
types of sexual precocity and subsequently to determine
the causes behind it. Initial evaluation begins with a
history and physical examination which focus on when
the pubertal changes were first noted, as well as the
timing of pubertal onset in the parents and siblings. In
most cases, radiographic measurement of bone age is
performed to determine whether there is a corresponding
increase in epiphyseal maturation which is a concern
for predicting final adult height.>-® The pace of pubertal
development reflects whether the cause is CPP or PPP
or it can suggest a benign pubertal variant. A rapid rate
of linear growth and skeletal maturation (measured as
advanced bone age) suggests either CPP or peripheral
precocity. By contrast, a child with normal linear growth
and skeletal maturation (bone age normal or minimally
advanced) suggests a benign pubertal variant.'>?° In
CPP the sequence of pubertal development displays
normal pubertal development but at an earlier age which
maintains sequence of changes of normal puberty. By
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contrast, individuals with peripheral precocity have a
peripheral source of gonadal hormones and are more
likely to show deviations from the normal sequence and/
or pace of puberty. Additional histories are directed
toward evidence of a particular disease entity include,
headaches, changes in behavior or vision, seizures, or
abdominal pain and previous history of CNS disease or
trauma. The possibility of exposure to exogenous sex
steroids (medicinal or cosmetic sources) or compounds
with sex steroid-like properties (endocrine-disrupting
chemicals, for example) should always be explored.
Another point to be looked for is that if the secondary
sexual characteristics are virilizing or feminizing. Isolated
contrasexual development (isolated virilization in girls
or isolated feminization in boys) excludes central
etiologies.

Physical examination includes measurement of height,
weight, and height velocity (cm/year) and assessment
of pubertal stages by Tanner staging.!3!4 Boys
suspected to be having CPP would generally have
symmetrically enlarged testicular volumes, while with
PPP testes are typically prepubertal, or having
asymmetrical enlargement or extremely small compared
to the amount of virilizing signs these children
demonstrate.® Children with benign forms of precocious
puberty do not usually display the early growth
acceleration pattern that is seen among those with
progressive forms of precocious puberty.?!

A good initial screening test to identify activation of
the HPG axis is measurement of basal serum LH
concentration (ideally in the morning), using sensitive
immunochemiluminescence assays with a lower limit of
detection of <0.1 mIU/mL. The other tests are serum
FSH, and either estradiol and/or testosterone
concentrations. The results are used to differentiate
between CPP and peripheral precocity, which then
guides additional testing.?? The gold standard for
diagnosis of CPP is gonadotropin releasing hormone
(GnRH) stimulation test where the LH levels are
measured 15-60 min after GnRH stimulation/GnRH
analogue administration. A prepubertal LH pulse reaches
1.5-2.0 U/L whereas a level greater than 4-5 U/L suggests
that puberty has begun. Unstimulated prepubertal levels
of LH is usually less than 0.1 U/L®. In boys, human
chorionic gonadotropin (hCG) should be measured to
evaluate for the possibility of an hCG-secreting tumor
leading to peripheral precocity. If a tumor is found in the
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anterior mediastinum, a karyotype should be performed
to evaluate for Klinefelter syndrome because of its
association with mediastinal germinoma.?® A thyroid-
stimulating hormone (TSH) concentration should be
measured if chronic primary hypothyroidism is
suspected as the underlying cause for the sexual
precocity. Other hormonal tests include adrenal steroids-
dehydro epiandrosterone sulphate (DHEA-S), 170H -
progesterone, androstenedione which are raised in
adrenal tumors, congenital adrenal hyperplasia (CAH)
and ACTH stimulation tests to diagnose CAH.®

Contrast-enhanced brain magnetic resonance imaging
(MRI) is recommended for all boys with CPP and for
girls with onset of secondary sexual characteristics
before 6 years of age because of higher rates of CNS
abnormalities in these groups of patients.2* Other
imaging studies include pelvic ultrasound to assess of
uterine size, shape and endometrial echo which reflect
the effect of estrogen, ovarian volumes and size/number
of follicles identified reflect gonadotropin effect. In
children where an adrenal tumor is suspected (due to
evidence of progressive virilization and elevated serum
adrenal androgens, eg, DHEAS), an abdominal
ultrasound and/or computed tomography (CT) of the
abdomen should be performed.?:® In boys with
suspected PPP, USG of testes is done to find out
testicular abnormality.>

MANAGEMENT OF PRECOCIOUS PUBERTY
The objectives of treatment for children with precocious
puberty are to try to attain normal adult height, address
psychosocial problems caused by early pubertal
development and to detect and treat any correctable
cause if present.

TREATMENT FOR CENTRAL PRECOCIOUS
PUBERTY

Pubertal progression in CPP can be arrested by
administration of GnRH agonist. This treatment can be
used for patients with idiopathic or neurogenic CPP.2>-2
or for secondary activation of CPP. When CPP is caused
by an identifiable central nervous system (CNS) lesion,
therapy is also directed towards the underlying
pathology when possible.?” The decision of whether to
treat CPP with a GnRH agonist depends upon the child’s
age, the rate of pubertal progression, height velocity,
and the estimated adult height as determined from the
rate of bone age advancement.?® GnRH agonist therapy

for a girl is suggested when presenting with progressive
pubertal change before the age of 6 years with breast
and pubic hair development, advanced bone age, and
accelerated height velocity. Conversely, in a girl with
somewhat later onset of CPP and/or historically slow
progression of pubertal development without a
substantial increase in height velocity, monitoring
without treatment for three to six months without making
treatment decision is suggested.23? For boys, treatment
with GnRH agonist is suggested for those presenting
with CPP before the age of nine years, unless there is
evidence of slow pubertal progression.>! Sustained-
release formulations of several GnRH agonists have
been developed: depot preparations for monthly, three-
, or six-monthly dosing and a subcutaneous implant
that is surgically inserted every 12 months.?® The choice
of GnRH agonist formulation depends on patient and
clinician preference and local regulatory approvals.3?
After GnRH agonist therapy has begun, ongoing careful
clinical assessment is paramount and follow-up
monitoring should be performed. Effective GnRH agonist
therapy should result in a decrease in height velocity,
cessation of menses, and arrest pubertal progression.
Periodic bone age measurements are done looking for a
reduction in the bone age advancement at every six to
twelve months.?>2% If there is evidence of ongoing
pubertal progression once therapy has begun, then
measurement of LH and sex steroids may be used to
assess whether there is complete suppression of the
pituitary-gonadal axis.3?33 If this testing shows
incomplete suppression of the pituitary-gonadal axis,
the GnRH agonist dose should be increased or the
interval between doses decreased. The decision to stop
treatment is based on the age of puberty of peers,
siblings and parents and wishes of the patient and family.
Discontinuation of treatment at chronological age 11
years (bone age 12) has been associated with maximal
adult height.3* Therapy after 11 to 12 years of age carries
the theoretical risk of preventing normal calcium
accretion by the skeleton; therefore not recommended
to continue treatment beyond this age.3 Treatment with
GnRH agonists appears to have no significant long-
term effects on the pituitary-gonadal axis.3®

TREATMENT FOR PERIPHERAL PRECOCITY

PPP due to tumors of the testis, adrenal gland, or ovary
are treated by surgery. HCG-secreting tumors may
additionally require radiation therapy and chemotherapy,
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depending upon the site and histologic type.
Functioning follicular cysts of the ovary usually regress
spontaneously, so conservative management without
surgery is generally appropriate.>’-3° Patients should
be followed clinically to document regression in the
clinical signs of precocity. If there is no clinical evidence
of pubertal regression, ultrasonography of the ovaries
should be performed. Exposure to exogenous sex
steroids — the source should be identified and removed.
After removal, the pubertal changes are likely to regress.

Defects in adrenal steroidogenesis, such as classic CAH
should be treated with glucocorticoids. McCune-
Albright syndrome (MAS) and familial male-limited
precocious puberty are disorders that require a different
approach because they are caused by mutations
resulting in overstimulation of the tissues that produce
sex steroids. Treatment with letrozole has become one
of the commonly used therapeutic approaches for girls
with MAS 40

BENIGN OR NON-PROGRESSIVE PUBERTAL
VARIANTS

These condition are benign, non-progressive, self-
limited disorders and usually only reassurance and
follow-up are necessary. Clinical follow-up is essential
because some patients with an initial presentation that
is consistent with a benign pubertal variant will turn out
to have a progressive disorder such as central
precocious puberty (CPP) or peripheral precocity. If
reexamination confirms lack of rapid progression in
secondary sexual characteristics, these children need
no therapy.>®

Conclusion

Appropriate management of precocious puberty
demands correct diagnosis and timely intervention.
Though CPP in many cases are idiopathic but treatment
is needed to halt its progression for the concern of final
stature and to avoid psychosocial problems. PPP should
be addressed with care to eliminate potential correctable
causes. At the same time benign non-progressive
pubertal variants need to be monitored closely to
demonstrate its benign nature. Precocious puberty is
always a source great worry for the parents of the
affected children. Therefore, proper counselling is
equally important as important is medical or surgical
management.
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